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Abstract

The adoption of digital technologies at ports has emerged as a key trend in maritime industry, as
nations endeavor to achieve economic prosperity through the process of digital transformation.
This trend is consistent with worldwide movement towards digitization in various domains.
Digitization is an essential element in process of converting surroundings into an intelligent
environment. Automated procedures in port operations and trading enables development of
advanced and automated terminals, as well as independent port control operations.

The aim of paper is to present a proposal to transform port of Alexandria into a smart port and
execute necessary measures. The analysis began by classifying Digital revolution into three
separate epochs, covering period from 1980 to 2022. An abridged chronicle of crucial occurrences
in every generation and their importance. The challenges faced, scientific progress made, and data
processing techniques employed in each era. A clarification of the purpose of information
technology. In order to improve port operations and maximize efficiency, the analysis also
considered the impact and scope of each generation, as well as conducting a comprehensive
examination of the concept of smart ports.

The BOX-JENKINS methodology, ARIMA models and EVIEW software were used to analyze
the time series for the years 2012-2021 through the statistical center of Alexandria Port Authority.
The steps of this package were then applied to the study's sample data in the following stages:
Identification Phase Model Estimation Phase Forecasting Phase and Prediction of Performance
Levels from 2022-2026. In order to establish the requirements for Alexandria Port's
transformation into a smart port, a comparison was done between the smart port application
already in place at Damietta Port and what was implemented at Singapore, Tangier Med Port and
Rotterdam.

Keywords: Digital Twin. Port Efficiency. The Internet of Things. Artificial Intelligence.
Port performance. Smart Ports. Digital Transformation.
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1- Introduction
Egypt possesses an extensive array of maritime ports, encompassing prominent commercial ports
situated on both the Red Sea and the Mediterranean Sea, as well as smaller ports and several
specialized ports as in Figure (1) dedicated to mining, tourism, and fishing. Egypt's extensive
coastlines on the Mediterranean Sea, Red Sea, and River Nile, spanning a total of 2,900
kilometers, have a significant impact on the country's social and economic welfare due to the
influence of marine activities (Saleh et al., 2006).

Egyptian Ports (Commercial)

{  Egypt has 18 commercial ports on the
| Mediterranean and Red Sea.

Figure (1): Commercial Ports in Egypt
Source: Maritime Transport Sector (MTS), (2023)

Ports and harbors are widely recognized as crucial drivers of national and regional development,
serving as vital lifelines. They are purposefully designed as strategic instruments for regional
development, meticulously constructed and managed in accordance with this objective.
Consequently, the ports in Egypt serve not only as conventional maritime transportation hubs, but
also encompass a diverse range of additional roles, encompassing aspects such as industry,
distribution, logistics, and Sustainable Development actions. There has been a significant increase
in the utilization and advancement of Electronic Data Interchange (EDI) in recent years. In
general, a considerable number of platforms are subjected to processing within control rooms. The
primary objective of these control rooms is to centralize extensive amounts of data from various
departments engaged in all port operations. Consequently, the port's operational efficiency and
competitiveness will be improved and can be measured.
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Figure (2): Egypt's Strategy for Digitalization
Source: Ministry of Communication, (2023)

The objective of the Egyptian Maritime Transport Sector, as well as the objective of the Egyptian
Political Leadership, was focused on the development of ports, digital transformation, and
digitization across various domains, particularly within the Maritime Transport sector. This
strategic approach aims to position Egypt as a leading player on the global stage and leverage its
inherent capabilities and strategic geographical location.

2- Research methodology

The methodology of this thesis is a mixture of descriptive and comparative analytical approaches,
including suitability and testing of various components of proposed platform. The study also
critically assesses various performance and efficiency of global ports. It has been reached through
the following tasks:

The thesis described level of efficiency and regression that happens to Alexandria Port due to lack
of experience in coping with technological development. Also, describing criteria and
standardization that global ports perform and evaluate its results and gathering data using primary
and secondary data.

3- Generation of ports

The development of seaports, especially those that handle containerized cargo, results in
the establishment of an increasingly intricate web of relationships between the supply and demand
sides of the port services industry. The significance of seaports could be stated by grouping them
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according to a specific port generation. Ports of the first, second, third, and fourth generations can
be identified in line with the UNCTAD model. The local community and port users (customers)
were proposed as two stakeholder groups to be included in the fifth-generation port in 2011.

In 1990, the United Nations Conference on Trade and Development (UNTACD) put forward
a conceptual framework for categorizing seaports. This framework considers factors such as
the port's development strategy, the variety of services it offers, and the extent to which
information technology is integrated into the entities operating within the port services market.
This text aims to summarize the evolution of seaports before the 1960s, followed by the
widespread implementation of containerization in the 1970s.

Subsequently, seaports experienced further growth in the 1980s due to the adoption of advanced
technology, efficient machinery, computer systems, and intermodal operations. As per the
UNTACD classification, only the biggest seaports in the world, situated at the intersection of
major shipping routes, have the capability to operate as integral components of highly advanced
global logistic platforms. These platforms handle a significant portion of the total cargo flow.

Table (1) displays the ports generations model proposed by UNCTAD.

Port characteris-
) 1% generation 2md geperation ™ generation
tics
Development
) pricr to 1960 1960-1930 after 1930
period
) ] Dry senu-bulk cargo and | Bulk general and
Mlain cargo Semi-bulk cargo T ) )
liguid bulk carzo containerized cargo
Attitnde Conservative, Expansive, transport, Commmercial, logistic-
and strategy of port | means of transport industrial, and commer— distribution centre for
development change point cial centre intermational trade
1+ [2] Cargo processing., | 1 + 2 + [3] Cargo and
[1] Loading, unload- _ ] ] P = ] [_] arg i
Scope of opera- ] ) indupsirial and commer— information distribu-
) mng. storage, naviga- } . o . o
tions ) ) cial services - termtorial ticm, logistic opera—
tion ServICes . .
ENPATIE 10T ticms
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Figure (3): Port marketing and the challenge of the third-generation port
Source: UNCTAD, (1995)

3-1 First generation of seaports

According to UNTCTAD, the primary characteristic of the first-generation seaport is the straight
forward process of moving cargo between land and sea-based transportation methods, known as
stevedoring. The seaport functions independently from transportation and commercial activities.

By leveraging its dominant position in the local market and frequently enjoying a monopoly, it is
not obligated to make efforts to fulfil the users' needs. The first-generation port's information,
document, and statistical system operates independently from the port users. The relationship
between the harbour and the port city is sufficiently flexible that there is no requirement for both
entities to coordinate their plans for spatial development.

3-2 Second generation of seaports

According to UNCTAD, the second-generation ports are connected to their surroundings through
their transportation, industrial, and commercial functions. Industrial parks are established within
port regions to handle imported raw commodities transported by sea, including iron ore, steel,
crude oil, aluminium, paper pulp, artificial fertilizers, sugar, flour, and other agricultural goods.

3-3 Third generation of seaports
The development of third generation seaports occurred in the 1980s during a period of rapid
growth in containerized cargo volumes, the establishment of intermodal links, and the growing
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demands brought about by the expansion of international transportation. These generations exhibit
greater activity levels compared to previous ones, as they actively seek for cargoes by pursuing a
development plan that promotes the establishment of integrated logistics centers and logistics
platforms that facilitate international trade.

Third generation ports in the operational region are distinguished by their extensive range of
services, encompassing four distinct sectors of commercial activities. The first category includes
the provision of stevedoring, storage, and navigation services, utilizing advanced technologies,
efficient organization and effective management.

3-4 Evolution of fourth generation of port

In 1999, UNCTAD introduced the concept of a fourth-generation port. The evaluation has taken
into account the following factors: the standard of port services, the use of information technology,
the advancement of the port community, the existence of a port cluster and logistics center, the
quality of linkages with the inland areas and the coastal areas.

Unlike the third-generation ports, the fourth-generation ports have a significant function as a hub,
serving as the primary regional port from which cargo is delivered by sea to smaller outlying ports.
Port authorities can be linked together through a shared administration, as seen in the example of
ports in Copenhagen and Malmo, or by a shared operator for the container terminal. UNCTAD
highlights those investments in port-hubs are typically carried out by the private sector,
particularly by robust international firms that specialize in managing port terminals, primarily
those dedicated to container operations.

4- Milestones of Digital Transformation in ports

The exchange of information is as important to freight movement as the movement of the cargo
itself or the equipment that is moving it. In freight transportation, if information does not move,
cargo does not move. The more seamless the information flow is, the quicker cargo can get from
its origin to its destination.

Electronic Data Interchange (EDI) communications facilitate the smooth handling of cargo from
mode to mode, as well as automating billing, data entry, tracking functions, and other information
exchanges such as cargo manifests, vessel arrival times, inbound movements, and status
notifications.

Within context EDI can reduce cycle times, forward documents, improve inventory management,
plan schedules, and make purchases, in an electronic and automatic way as in Figure (4).
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Figure (4): Electronic Data Interchange
Source: Myanma Port Authority,2023

5- Smart Port Concept

Irregular endeavours have been undertaken to build a smart port. Nevertheless, there is currently
no universally recognized and standardized definition for the term "smart™ within the context of
ports

and the marine industry. Tracing the etymology of the word "smart" in related domains helps.
assists us in comprehending the reasons for the emergence of this word.

Within the realm of technology, "smartness™ pertains to the inherent ability of a system to perform
autonomous computing functions, including self-configuration, self-protection, self-healing, and
self-optimization (Spangler et al., 2010).

Smart growth began in the 1990s as a response to worsening trends in urban planning, such as the
loss of open space, air pollution, destruction of historic locations, traffic congestion, and rising
costs of public amenities that was driven by both government and society.
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Figure (5) Ports development throughout the history

Source: (UNCTAD 1992, 1999)
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A smart port brings together highly educated professionals, skilled labor forces, advanced
infrastructures, and automation to promote the acquisition and exchange of knowledge, streamline
port operations, improve the port's ability to withstand challenges, promote sustainable
development, and ensure the safety and security of activities. The term "smart port” has become
widely accepted by both the public and business sectors as an accurate description of the current

trend.

Domains Sub-domains Description
o The extent to which the port operations are carried out efficiently
Productivity within the limits of time, budget, space, and available facilities
Operations Automation is the use of various control systems (set of devices
Automation that mlana,ges.the behai.fior D.f L:rther devices or systems;l for _
operating equipment with minimal or reduced human intervention.
) Intelligent infrastructure means the use of technologies, both
Fnte]]ngent hardware and software, in the port with the aim to increase
infrastructure  efficiency and sustainability.
o Environmental management systems (EMS) are means to help
Environmental  greanizations to improve their environmental performance. This
management aim is achieved through observing and controlling port operations
Environment systems

Emissions and

with regard to their environmental impacts.

Port activities and shipping industry can cause three major types

pollutions of pollution: emissions to air, noise pollution, and water pollution.
control
Waste Ports receive a noticeable amount of waste, sources of which are
management port activities and vessels.

Water is a vital resource for both human and other species health,
Water s0 monitoring and controlling the water quality should be part of
management port plans and strategies.

Efficient energy

Several factors influence the energy consumption of a port.
These elements could be divided into two categories, direct
and indirect energy users. For both groups, saving possibilities

I . consumption - "
“nergy should be identified.
Renewable energy is replenishable energy that is generated from

Producing and  patyral processes. There are significant possibilities of renewable
use of energy implementation in the ports. This assists in partially or totally
renewables covering the port energy demand and significantly reduces pollutions.
Energy Ports should identify energy management strategies and activities
management to make efficient use of the available energy.
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Safety Safety Management System (SMS) is a comprehensive business
) Manasement management system designed to administer safety principles
Safety Ei‘r"'?t{‘];-"lﬁ in the workplace.
and T ' " = -
Security Security A securify management system identifies potential threats

to the port and establishes, implements, monitors, reviews,

managemert and maintains all appropriate actions to provide assurance
systems for the effective handling of security risks.

Integrated

monitoring Establishing an integrated monitoring and optimization system
and based on the most recent software and hardware facilitates
optimization achieving enhanced security and safety in the port area.
gystems

Table (6) Classification of a smart port activity domains and sub-domains
Source: Anahita Molavi, 2019

6- Smart Port Activity Domains

Table (6) outlines that a smart port is comprised of four primary activity domains: operations,
environment, energy, and safety and security. Port performance can be evaluated by analyzing
quantifiable components known as "sub-domains” of a smart port. These sub-domains will be
further elaborated upon.

6-1 Operations

A smart port employs advanced technologies and implements new and efficient management
methods to enhance the efficiency of port operations and reduce associated expenses. The sub-
domains encompassed within smart port operations are productivity, automation, and intelligent
infrastructure.

6-2 Productivity

According to Statistia (2017), the global capacity of containerships will expand by 1,685,187
TEUs or 8% by 2019. This high growth rate highlights the need of boosting port productivity,
since it hasa significant impact on a country's overall productivity. The assessment of port
operation productivitycan be conducted by measuring productivity in seven specific areas: berth
productivity, infrastructure productivity, land productivity, capacity for accommodating large
vessels, utilization of maximum capacity, level of intermodality, and the number of lines calling at
the port (MedMaritime SMART PORT, 2016).

6-3 Automation

Automated machinery has the potential to replace human workers in ports, resulting in a decrease
in human errors, safety concerns, port congestion, and turnaround time. Additionally, it can
improve operational efficiency in port operations (MedMaritime SMART PORT, 2016).

6-4 Intelligent Infrastructure
Integrating advanced hardware and software systems at ports can enhance operational efficiency
and sustainability through the real-time collection, analysis, and dissemination of data. Port users
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should have access to information regarding the traffic flow of both vessels and hinterland
transportation vehicles, closure times of movable bridges, and other infrastructure details.

7- Levels of Transformation into a Smart Port

In order to establish a smart port, there are four distinct degrees of specific actions involved in the
process of digital transformation (Figure 7). A port is an intricate system, and modifying one of its
components does not automatically make the entire port smart. Instead, a comprehensive digital
transformation must occur at these four levels to accomplish this objective.

? G : © 9
L L]
L EVE L 1 Developing systems for Digital devices There are many Internal environmental

operations management, for internal manual processes in protection, security, and
Internal Digita| business management, and use. relationships with safety systems.

Transformation office technology on an third parties.

internal level.

®
©

L EVE L 2 Implementing systems for Replacing manual processes Online Facility-level
trade facilitation and with eletronic and automated port. environmental
Connected Port electronic formalities. solutions at port facilities. protection, security, and

safety systems.

¢
¢ G
;

o

L EVE L 3 Creating a connected Adding port community Adopting digital Systems for ensuring

and coordinated systems (PCS) platforms for environmental and social

ogistics node. logistics an protection, safety, an
onnected Po logisti d logisti d i f d
A transportation. security for the community
Commumty (port and local city)
Applying industry 4.0 Interconnectivity between End-to-end logistics
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HYPETCOHHECted blockchain, artificial people, companies, different digital platforms
pOFt. intelligence, and virtual cities, surroundings, and and systems.
and augmented realty. digital platforms.

Figure (7) Levels of Transformation into a Smart Port
Source: smart port manual strategy and roadmap

8- Applications of Information Technology in Ports

An intelligent port is characterized by its integration of several 4.0 technologies such as sensors,
robotics, Radio-frequency Identification (RFID), loT, and Big Data. These technologies would
significantly improve the port's problem-solving capabilities. In summary, the port operation
would be enhanced and the management of the port will be simplified with the implementation of
4.0 technologies. To facilitate quicker and more accurate decision-making in real-time, the
Automatic Identification System (AIS) was implemented.

9- Importance of transforming ports to smart ports

The process of digitalization has revolutionized our society, and ports have not been exempted
from this transformation. The process of digitizing ports has given rise to what is commonly
referred to as ports 4.0, a novel era of smart ports that leverage technology to enhance their
operational effectiveness and output.
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Ports 4.0 are technologically advanced ports that utilise intelligent systems to enhance their
operations and provide more efficient and sustainable services. The port industry revolution is
centred around the digitization and integration of various technologies to enhance the efficiency of

cargo handling operations.
Internet of Things
(loT)
Autonomous

Business
Processes
Automatiof

Blockchain and
Smart Contracts
Data-empowered

Decision Processes

Coordination
& Integration

Robotics and
Automation

Simulation,
Big Data Analytics Virtual Reality,
and Digital Twin

Figure (8) Conceptual Model for Port 4.0
Source: Behzad Behdani.(2024)

10- Port of Rotterdam (Case Study)

In the 14th century, the Rotte was a little fishing village located along the Rotte river. Over the
course of six centuries, it has transformed into the largest and most significant port on the
continent, and indeed, in the entire globe. Over the course of the previous century, Rotterdam has
experienced significant and quick growth, transforming from a modest fishing village into the
primary port in Europe.

Implementing automation for each party involved in the port facilitates the gathering of data. This
can be utilized to enhance the cost-effectiveness, safety, and sustainability of the port. The
introduction of the PMS in Rotterdam has reduced the time it takes for ships to complete their
operations by 30 minutes. Given that the cost of a vessel is €10,000 per hour, the total annual
savings for the entire port of Rotterdam would amount to approximately €150 million. Decreasing
the number of incidents leads to annual savings of €7 million. By optimizing the deployment of
port staff, annual savings of €2 million can be achieved. For example, it is evident that despite the
growth of Maasvlakte 2, the workforce of the Harbour Master's Division has decreased. The PMS
in the port of Rotterdam yields an annual save of around €160 million.
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11- Singapore port (Case Study)
Singapore has created and implemented the following advanced technologies and intelligent
systems: Firstly, secondly, thirdly, fourthly, fifthly. The Next-Generation Vessel Traffic
Management System (NGVTMS) utilizes data analytics and machine learning to detect areas of
high traffic and employs advanced algorithms to forecast probable collisions. The VHF Data
Exchange System (VDES) enables secure and dependable data transmission between ships and
between ships and shore. digitalPORT@SG™ is Singapore's Maritime Single Window, a
comprehensive platform that facilitates port call transactions and regulatory clearance. The
Singapore marine Data Hub is a comprehensive platform for sharing data that facilitates secure
exchanges of information to stimulate the creation of creative solutions for the marine industry.
Digital OCEANS™ is a digital platform that seeks to enhance the compatibility between different
systems in the global maritime transport chain. It achieves this by creating common data standards
and Application Programming Interfaces (APIs) specifically for the maritime industry.

Singapore's marine research and development is advancing according to the 'Singapore R&D
Roadmap 2030 - marine Transformation'. This roadmap is based on five main strategic research
focuses: i) A highly productive and advanced port of the future, ii) Strategic management of sea
space and maritime traffic, iii) Intelligent fleet operations and self-driving ships, iv) Reliable
maritime safety and security, v) Ensuring a sustainable marine environment and energy sources.
The Port of Singapore is implementing a strategic smart port initiative known as 'NGP (Next
Generation Port) 2030'.

' NEXT GENERATION TUAS PORT

MORE INTELLIGENT, EFFICIENT, SECURE AND SUSTAINABLE

5
5o -*vnﬂn

Figure (9): Singapore’s next generation port
Source: Smart Digital Ports (2019)
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The NGP 2030 program serves as a framework for the comprehensive strategic planning and
growth of the Singapore port. It encompasses the creation, design, and execution of the Tuas
terminal, Tuas marine center, and port operations. The subsequent are the principal strategies: This
text consists of a series of bullet points. Efficient and proficient administration of harbor waters
Enhance the level of security and ensure safety Improve the overall experience of port users
Enhance the long-term viability and conservation of natural resources and ecosystems. Singapore's
Roadmap 2030 intends to enhance research and development (R&D) efforts and allocate resources
more effectively to foster increased collaboration and innovation in the maritime industry.

12- Alexandria Port’s efforts in digital transformation

Digital transformation aims to optimize the efficiency, boost the effectiveness, and ensure the
long-term viability of logistics services. Additionally, it effectively decreases expenses and
facilitates additional advancements to ensure that the port is interconnected with diverse sectors,
encompassing the handling of cargo, transportation logistics, and the movement of goods. This
integration enables seamless collaboration between ships, cranes, containers, and trucks, resulting
in proficient operations within the port.

Alexandria Port aims to become a smart port by utilizing digital transformation solutions,
improving infrastructure, and providing training to port personnel as in figure (10). Alexandria
Port actively engages in international forums focused on digital transformation.

;-'/ Alexandria \

Port
Electronic
Systems

Figure (10): Alexandria Port Economic systems
Source: developed by the author

13- JIT (Just in Time) System for ships

An efficient method designed to complete all necessary tasks within the specified deadlines. By
implementing this system in ship operation process, the ship that is arriving at the port will receive
precise information regarding the designated time for mooring. Similarly, the ship that is already
moored will be notified of the exact time for departure. The objective of this method is to
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minimize the duration of the ship's waiting period prior to entering port. This system will minimize
detrimental emissions to the environment while also decreasing operational expenses.

Benefits of

Reduce Flexible Increase
fuel consumption scheduling safety

A §
Improve ve 2V Optimize
predictability & O resources

Figure (11): Benefits of Just-in time system
Source: Tegplay website (Online)

14- Digital Port Twin

A digital port twin is a computer-generated model that accurately simulates a physical port,
encompassing its infrastructure, equipment, and operational activities. This method employs data,
sensors, and real-time three-dimensional models to generate a precise digital representation of the
port. A digital twin refers to a virtual replica or representation of a physical object, system, or
process. It encompasses a comprehensive digital model that captures the characteristics, behaviour,
and functionality of the real-world entity it represents.

A digital twin is a virtual DIGITAL TWIN
representation of an asset,

used from early design through

Ejlillldlng and oPeratnon, main- ‘ /,-\\
tained and easily accessible
throughout its lifecycle.

Analytical Information 3D visualization Time-domain Sensor and Software- Virtualized

models for models for models of models of process data driven control communication
structures and systems and components components from the real algorithms networks
hydrodynamics components and structures and systems vessel

Figure (12): Digital Twin system overview
Source: Arash-Javadi (Online)
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15- Smart Port Solution (SPS)
The SPS system's objective is to automatically generate invoices immediately after the completion
of procedures, thereby enhancing and augmenting the port's efficiency in relation to its clients. The
system is designed to incorporate rules, calculation categories, and variables (such as sunrise and
sunset times) in a dynamic manner, enabling their modification without the need for programmatic
intervention.

Port

Mobile
Applications )

Billing
System

Terminal
Operating
System

Warehousmg
Management
System

Figure (13): SPS system architecture
Source: Alexandria Port Authority

16- Future perspective for the digitalization of Alexandria Port

In order to facilitate the smart transformation of Alexandria Port Authority, a comprehensive
development plan was devised based on an analysis of successful international ports like
Rotterdam and Singapore. By identifying the disparities between the achievements of Alexandria
Port Authority and these global counterparts, the study formulated a proposal. The digital
transformation process, as depicted in Figure (14), encompasses three distinct levels: internal
transformation, port community transformation, and intelligent transformation.
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Figure (14): Proposed development of Alexandria Port Authority
Source: developed by the author

17- Conclusion

The objective of this study is to delineate the fundamental duties carried out by smart ports,
including the smart ship industry, 5G connectivity, transport automation, and smart containers.
Moreover, it provides a representation of the intelligent port concept and emphasizes the essential
cutting-edge technologies that form the foundation of these ports.

Several academic and practical research projects have proposed innovative methods to simplify
port operations. Notable examples include the Erasmus Smart Port in Rotterdam, the Netherlands,
and the Smart Port of Hamburg in Germany.

A smart port refers to the complete automation of all port operations, as well as the real-time
communication of all port activities through the automatic transmission of mobile data. This
results in a twofold increase in the capacity of ports to carry out and combine port operations.

Hence, the intelligent port optimizes efficiency by streamlining administrative processes and
cutting labor costs, while also enhancing monitoring and traffic management capabilities, so
alleviating congestion, boosting production, and ensuring worker safety.

A smart port comprises a fusion of sensors, actuators, wireless devices, and database processing
centers. This enhances the efficiency and resilience of the services offered by port authorities in a
more sustainable manner. The smart port utilizes many key sensors to gather relevant data,
including eddy current sensors, ultrasonic sensors, image sensors, inertial sensors, radio frequency
identification (RFID), and radar.

Although the ethical and moral perspective of this research is significant, the study serves as a
fundamental starting point for developing an effective and unique strategy for the Alexandria Port
Authority. Furthermore, to address the clear disparity in the adoption of smart port applications
between the international and regional levels.
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This research proposed a modern framework for implementation of smart port processes that
considers a step toward improving the rank of Alexandria port. The proposed modern framework
IS based on state-of-the-art technology in the field of smart port applications worldwide. In terms
of technology, many modern technologies have invaded 10T, Blochchain and Digital Twin in the
last five years. Such great jJumps in IT, electronics and communication technologies happened in
recent decades, and many advanced technologies have invaded the ports globally.

References
- Alexandria  Port  Authority. APA. Retrieved August 31, 2024, from
https://apa.gov.eg/en/

- Anahita Molavi _1, 1Department of Industrial Engineering, University of Houston

- Asteris, M., Collins, A. (2007), Developing Britain’s port infrastructure: markets,
policy, and location. Environment and Planning A, 39, 2271-2286.

- Benefits and Barriers of JIT Arrival. (n.d.). Tegplay. Retrieved September 1, 2024, from
https://teqplay.com/blog/benefits-and-barriers-of-jit-arrival/

- Burley. (2022, February 15). Automated Weighing. Agg-net. Retrieved September 1,
2024, from https://www.agg-net.com/resources/articles/weighing/automated-weighing

- Corbett, J. J., Winebrake, J. J., Green, E. H., Kasibhatla, P., Eyring, V., and Lauer, A.
(2007). Mortality from Ship Emissions: A Global Assessment. Environmental Science
& Technology, 41(24):8512-8518.

- Coronado Mondragon AE, Lalwani CS, Coronado Mondragon ES, Coronado
Mondragon CE, Pawar KS. Intelligent transport systems in multimodal logistics: A case
of role and contribution through wireless vehicular networks in a sea port location. Int J
Prod Econ2012;137:165-75. https://doi.org/10.1016/j.ijpe.2011.11.006.

- de Gijt, J. (2008). Developments in the port of Rotterdam in relation to the history of
quay wall construction in the world.
https://www.researchgate.net/publication/334430066

- EI-Nakib and S. Elzarka, (2014), "Measuring Supply Chain Efficiency in MENA
Countries: A Green Perspective”, The Annual Logistics Research Network Conference
(LRN) Huddersfield, UK.

- Hall, R. E., Bowerman, B., Braverman, J., Taylor, J., Todosow, H., and Von
Wimmersperg, U. (2000). The Vision of a Smart City (No. BNL-67902; 04042).
Brookhaven National Lab., Upton, NY.

- Janssens, Gerrit. (2011). Electronic Data Interchange: from its Birth to its New Role in
Logistics Information Systems. International Journal on Information Technologies and
Security. 3. 45-56.

- Kaliszewski, Adam. (2018). FIFTH AND SIXTH GENERATION PORTS (5GP, 6GP)
—EVOLUTION OF ECONOMIC AND SOCIAL ROLES OF PORTS.

- Kusuma LTWN, Tseng F-S. IOT Framework to Support Maritime Highway Program. J
Cases Inf Technol 2020;22:35-50. https://doi.org/10.4018/JCIT.2020070103.

116
Ain Journal Volume 49 (Issue 1) Jan 2025




B Ain Journal

- MedMaritime SMART PORT (2016). Action Plan towards the SMART PORT Concept
in the Mediterranean Avrea. Retrieved from <http:
Ilwww.medmaritimeprojects.eu/download/ProjectSmartport/RESERVED _

Folder/D1_1 Smart_port_criteria_Final.pdf> (Accessed April 8, 2019).

- Ministry of Transport: Statistical Yearbook. Egyptian Maritime Data Bank. Maritime
Transport Sector. Ministry of Transport. Alexandria. Egypt (2020).

- Mokntari, K., Ren, J., Charles, R., and Wang, J. (2012). Decision Support Framework
for Risk Management on Sea Ports and Terminals Using Fuzzy Set Theory and
Evidential Reasoning Approach. Expert Systems with Applications, 39(5):5087-5103.

- Molavi, Anahita & Lim, Gino & Race, Bruce. (2019). A Framework for Building a
Smart Port and Smart Port Index. International Journal of Sustainable Transportation.
10.1080/15568318.2019.1610919.

- Moss Kanter, R. and Litow, S. S. (2009). Informed and Interconnected: A Manifesto for
Smarter Cities. Harvard Business School General Management Unit Working Paper.
(09-141).

- MOVING TOWARDS A GLOBAL NETWORK OF PORTS MOVE FORWARD:
STEP BY STEP TOWARDS A DIGITAL PORT. (n.d.).

- Nguyen, Hoang & Nguyen, Phuoc & Nguyen, Dang & Bui, Viet & Nguyen, Dinh
Tuyen. (2023). Application of 1oT Technologies in Seaport Management. JOIV :
International Journal on Informatics Visualization. 7. 228. 10.30630/joiv.7.1.1697.

- One Hundred Ports 2022. (n.d.).

- Port 4.0: A Conceptual Model for Smart Port Digitalization. (2024). Transportation
Research Procedia. https://doi.org/10.1016/j.trpro.2023.11.154

- Port Digitalization: benefits, challenges, and opportunities. (n.d.).

- Port of Rotterdam (2016). Smart Port. Retrieved from <http://smart-port.nl/ en/>
(Accessed April 8, 2019).

- Ports 4.0 How technology is transforming port operations (no date).
https://prosertek.com/blog/ports-4-0-how-technology-is-transforming-port-operations/.

- Saleh, S., Jahr, T., Jentzsch, G., Saleh, A., & Abou Ashour, N. M. (2006). Crustal
evaluation of the northern Red Sea rift and Gulf of Suez, Egypt from geophysical data:
3-dimensional modeling. Journal of African Earth Sciences, 45(3), 257-278.

- Schenone, C., Pittaluga, 1., Repetto, S., and Borelli, D. (2014). Noise Pollution
Management in Ports: a Brief Review and The EU MESP Project Experience.
Proceedings of the 21st International Congress on Sound and Vibration, Beijing, China.
(pp. 13-17).

- Smart Port Manual strategy and roadmap. (2020). Fundacién Valenciaport.

- Spangler, W. S., Kreulen, J. T., Chen, Y., Proctor, L., Alba, A., Lelescu, A., and Behal,
A. (2010). A Smarter Process for Sensing the Information Space. IBM Journal of
Research and Development, 54(4):1-13.

- Sparavigna, A. C. (2018). Alexander’s Alexandria and the Archeoastronomy. SSRN
Electronic Journal. https://doi.org/10.2139/ssrn.3138100

117
Ain Journal Volume 49 (Issue 1) Jan 2025




B Ain Journal

- United Nations Economic and Social Commission for Asia and the Pacific Study on
Smart Port Reforms and Port Digitalization in Asia and the Pacific Study on Smart Port
Reforms and Port Digitalization in Asia and the Pacific 2 Acknowledgement. (N.D.).
- Vairo, T., Quagliati, M., Del Giudice, T., Barbucci, A., and Fabiano, B. (2017). From
Land-to Water-Use-Planning: A Consequence Based Case-Study Related to Cruise Ship
Risk. Safety Science, 97(8):120-133.
4 padl (5l gall elal il ji5a) (g saadl &), (Y YY, (coall Jall glad -
Agpal 3 sl s, (2022). (sl Jail) ¢ s -
A paall (5 sall elal l pdige) (5 gl ), (VoYY (o) Ji) plas -

118
Ain Journal Volume 49 (Issue 1) Jan 2025




